
milk or diluted with water, flour gruel or oatmeal gruel.
The dilutions made were two-thirds, one-half, one-

third, one-fourth, one-eighth milk.
Results.—All experiments were repeated many times.

The accompanying summary is a tabulation of results.
The time recorded is the average of the results.

CONCLUSIONS
1. Sodium citrate in .25 per cent, or more retards,

and very high percentages will inhibit coagulation.
2. The presence of HCI hastens coagulation.
3. Diluting milk generally retards coagulation.
4. Gruels appear to have little or no effect in retard-

ing coagulation more than water when the citrate is
used.
5. The coagula of citrated milk are softer, smoother

and more jelly-like or more flocculent than those of milk
not thus treated.

EXPERIMENTS WITH CITRATED MILK.
WHOLE MILK.

Milk. Liquid HCI. Sod. Time,
c.c. Rennet. 1$ Cit. min. Curd,

m. m. m.

5 5 2 0 3 Solid, firm.5 5 2 5 9 Solid, soft.5 5 0 0 5 Solid, firm.5 5 0 5 15 Solid, soft.5 5 2 14 Solid, firm.
5 5 2 2 4H Solid, firm.5 5 2 3 5/a Solid, firm.
5 5 2 4 7 Solid, softer.5 5 2 10 12 Flocculi, no curd.5 5 10 0 1 Solid, hard.5 0 20 0 . No curd.5 0 20 5 . No curd.

HCI. 5*
5 0 1 0 1 hr. 0
5 0 2 0 " 0
5 0 3 0 " 0
5 0 4 0 " 0
5 0 5 0 15 Small Hocculi.
5 0 10 0 15 Few flocculi.

DILUTED MILE.

Liquid HCI. Sod. Dilu-
Milk. Reunet. l<h Cit. ent. Time. Curd.

H 5 2 0 Water. 3 Solid, firm.% 5 2 5 Water. 5 solid.
% 5 2 u Gruel. 3 Solid, firm.% 5 2 5 Gruel. 20 No chauge.
V2 5 2 0 Water. 3 Solid or co'rse granular.<A 5 2 5 Water. 7 Solid.
•A 5 2 0 Gruel. 3 Solid, firm.
Vt 8 2 5 Gruel. 20 No change.V% 5 2 2V4 c.c.

...

0 No change.Vt 5 0 0 Water. 12 Soft, solid.
M 5 10 Water. 5 Granular.
M 5 2 0 Water. 5 Hard, granular.14 5 2 5 Water. 5 No change.M 5 2 0 Gruel. 4 Granular or solid.
M 5 2 5 Gruel. 0 No change.
% 5 2 0 Water. 6 Small solid.
y8 5 2 5 Water. 0 No change.

The simplicity of this method commends it, especiallyin dispensary and out-patient practice where the
mother's demand for "medicine" for the baby's dyspep-
sia may be met by the standard solution of sodium
citrate to be administered in teaspoonful dose in each
bottle of the feeding mixture. In private practice it
furnishes another rational method of infant feeding.
1485 Jackson Boulevard.

The province of the doctor is to relieve the sick and suffer-
ing and to subordinate to that first object of his calling the
obtaining of a financial reward for his labor. "Do your duty
and then collect your money" is the physician's motto. "Be
sure of your money before you deliver the goods" is the per-
fectly proper motto of the business man.—John B. Roberts.

THE TREND OF PEDIATRIC OPINION CON-
CERNING THE ARTIFICIAL FEED-

ING OF INFANTS.
THOMAS S. SOUTHWORTH, M.D.

Attending Physician, Nursery and Child's Hospital, New York City
Children's Hospitals and Schools, Physician Out-Patient

Department Babies' Hospital.
NEW YORK.

The artificial feeding of infants elicits to-day from
our profession an even keener interest than at any timein the past. As a practical science it is making con-
tinual progress. A satisfactory working hypothesishaving been established some years ago, the spirit ofinquiry is now engaged in proving this structure and ex-
amining the principles on which it rests. Those por-
tions which do not stand the test are being rapidly re-placed by sounder material. Our labor in this direction
is far from completed, but it may not be amiss at this
time to review somewhat briefly the trend of pediatricopinion concerning certain of these important questionsand to recount some of the recent advances.
Foremost among these, because the most fundamental,has been the recognition forced on us by the study of thecomparative anatomy and physiology of mammalian

species, that milk must be the basis of an infant's
food, because milk proteid is alone capable of form-
ing, with the secretions of the stomach, the soft solids
requisite to such development of that organ as to fit the
infant later for subsistence on the mixed diet of the
adult. Cow's milk is the only milk at present obtainablecommercially in sufficient quantities to meet the needs
of the really appalling number of infants who for valid
or in-valid reasons are deprived of their normal food
from the maternal breast. Some of our chief problems
of infant feeding have centered, therefore, about our
efforts to adapt this milk of a foreign species to the in-
fant's digestion. The inherent differences in the caseins
of cow's milk and human milk and the size and character
of their curds formed in the infant's stomach enhance
the difficulties. Practically all methods of preparing
milk for the infant which are of real value, including
some of proprietary origin, have the common purpose of
enabling the infant to digest successfully the casein of
cow's milk in sufficient quantities to thrive. Viewed in
this light, the claims of the advocates of different meth-
ods of feeding are reconciled, since they are but seeking
by different routes the same goal.

STARCHES.
Discussion concerning the ability of the young infant

to digest starches is giving way to a realization that the
utility of cereal decoctions as diluents does not depend
so much on whether the starch itself can be digested as
on the mechanical subdivision of the casein curd and
the absorption of the vegetable proteids which such ce-
reals contain. If the starch itself causes any difficulty
or such difficulty be feared, it can be readily transformed
into soluble carbohydrates by previous dextrinization.
A gruel which has been so dextrinized is no longer a solu-tion of starch, but a mixture of soluble sugars with gumsand vegetable proteids. However, what is commonlycalled starchy indigestion and starchy non-digestion are
two very different things. The former, indigestion
caused by starchy foods, is deleterious when it occurs,but the non-digestion and non-absorption of starch
granules is often more or less present even in adults

Read in the Section on Diseases of Children of the American
Medical Association, at the Fifty-seventh Annual Session, June, 1906.
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wherever starch forms a part of the food. The mere

presence of a starch reaction in the stools does not prove
that the bulk of it has not been digested. If these decoc-
tions of starch-bearing substances serve the primary pur-
pose for which they are added to an infant's milk, the
presence of undigested starch granules need not neces-
sarily be more hurtful than that of cellulose and other
undigested or unabsorbed residues.

USE OF BARLEY WATER.

Barley water, which is more commonly employed to
make the curds of cow's milk smaller and more permeable
by the digestive secretions, probably accomplishes this by
its viscidity, which is partly due to its peculiar proteids.
The addition of these vegetable proteids to the food may
at times be no negligible quantity in determining the
nutrition of the infant. This is not to be construed as

advocating the feeding of infants entirely or even largely
on cereals. While certainly not suited for indiscriminate
use in all cases, the employment of cereal diluents for
many children who have shown special difficulty in di-
gesting the casein of cow's milk is now quite common in
the hospitals of which I have knowledge. Barley water
and barley gruel are much too elastic terms. Unless these
are to be dextrinized the quantity of flour for young in-
fants should not exceed one full teaspoon to each pint
of water. The value of stronger cereal additions to the
milk during the later months of the first year is now
scarcely disputed.

' CASEIN.

A new interest has been awakened in certain phases
of feeding through a better interpretation of the be-
havior of casein in the infant's stomach and of the pur-
poses and results of adding various alkalies to the food.
Applying to these problems the most recent investiga-

. tions, we have ceased to add alkalies on general but
vague or unknown principles. Stated as simply as pos-
sible, these methods have resolved themselves as follows:
Casein readily combines with either alkalies or acids,

and in doing so forms substances which have different
chemical and digestive properties. Casein as it is found
in cow's milk fresh from the udder is now called calcium
casein, because the casein is chemically combined with
calcium or lime. It would simplify matters if the term
bicaseinate of calcium were applied to this casein of
fresh cow's milk, for on adding limewater to such milk
the casein takes up still more lime from the limewater
and forms a new compound, which might be called
caseinate of calcium. The difference between these com-
pounds of casein and calcium in fresh milk, and in milk
to which limewater has been added to the point of alka-
linity with phenolphthalein, is as distinct as the differ-
ence between bicarbonate of soda (baking soda) and car-
bonate of soda (washing soda). Good fresh cow's milk
requires the addition of from 60 to 80 per cent, of its
bulk of limewater to make it alkaline to phenolphthalein
and to change all the normal bicaseinate of calcium into
this new compound, which is not coagulated by rennet.
When we add from 5 to 10 per cent, of limewater. as

is customary in infant feeding, to a mixture containing
but a small amount of actual milk, the casein will be
wholly or almost wholly changed into the form which
can not be coagulated by the rennet ferment of the in-
fant's stomach until the secretion of acid has removed
the extra calcium; but when the same percentages of
limewater continue to be used, as the mixture is strength-
ened by additional quantities of milk, there begins to be
present in the food more of the coagulated casein than

the limewater is able to saturate. So that when we add
from 5 to 10 per cent, of limewater to the weak milk-
mixtures suitable for a newborn infant we first give milkwhich is not curded, and later by gradually strengthen-ing the food without raising the quantity or percentagesof the lime water we supply increasing amounts of
casein which will form a" curd in the stomach.

OTHER ALKALIES.
Other alkalies added to fresh cow's milk will also form

combinations with the casein and alter its digestive prop-erties. Such are sodium carbonate, potassium carbonate,
magnesium hydroxid, sodium bicarbonate and sodium
citrate. The first three of these probably form casemates
of calcium and sodium, of calcium and potassium and of
calcium and magnesium. Sodium carbonate and potas-sium carbonate are usually added in such quantity as to
just about completely saturate the casein and prevent its
curdling. But when we use bicarbonate of sodium we
often add it in such quantity as not only to saturate the
casein, but its unused portion remains in the food and
acts as an antacid in the stomach. It not only modifies
the digestive properties of the casein like the others, but
its antacid properties which are not fully neutralized by
the milk may be used to modify any natural or abnormal
acidity of the stomach. It is especially in vomiting cases
where the stomach is too acid from the production of ab-normal acids that bicarbonate of sodium finds one of its
best fields, although I believe that at times the more
soluble compound with sodium is more readily absorbed
than that formed with limewater.
The inhibition of the coagulating power of rennet onsuch casein as is saturated by the addition of these alka-

lies is. however, but temporary, for on the addition of an
aeid like gastric juice, in quantity sufficient to neutralize
and remove the extra alkali, the normal properties of
coagulation by rennet are restored.
On the contrary, when citrate of sodium is added to

milk a very different chemical change takes place from
that which accompanies the employment of the usual
alkalies, for with citrate of sodium the casein is de-
calcified and a sodium casein is produced, which rennet
can not thereafter affect, so that acid must form with
it only the type of curd which acid would form with it
outside of the body. My experience with the employment
of from 1 to 2 grains of citrate of sodium to each ounce
of actual milk in the feeding, as recommended by Poyn-
ton. has been sufficiently favorable to warrant the belief
that it is worthy of a more extended trial in selected
cases than it has yet apparently received in this country.

EFFECTS OF ACIDS ON MILK.

I can only refer here to the further effects of acids
on fresh milk or alkalinized milk in freeing the casein
entirely from its combination with alkaline bases and
as a second step forming acid compounds with the freed
casein. Such are the curds formed when natural souring
takes place, or when acid is added, of free casein, casein
lactate and casein bydrochlorid. When rennet acts on
the milk either before or conjointly with the acid, pro-
ducing calcium paracasein (junket), the acid transforms
this first into free paracasein and then into paracasein
lactate or paracasein bydrochlorid.

PERISTALSIS AND INTESTINAL DIGESTION.
The exceedingly valuable experiments of Prof. W. B.

Cannon, of Harvard, have reconstructed our views on
intestinal processes. Many of us were taught that peris^
talsis consisted in successive waves of contraction of thf
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circular muscular fibers of the intestine, which advanced
the food mass, aided by shortening of the longitudinal
fibers. Professor Cannon, by watching through the
x-ray screen the movement of food masses containing
bismuth, has shown that circular contractions occurring
simultaneously at short distances in the small intestine
cause a segmentation of the food mass. These contrac-
tions then relax and are followed by other contractions
midway between the former, dividing the masses at new
points, but causing them to reunite at the previous points
of segmentation, and this is repeated until finally the
masses are swept by a peristaltic wave further along in
rhe bowel. ,

These observations throw new light on the mechanics
of intestinal digestion and the method by which the
chyme is churned and mixed with the digestive secre-
tions in the intestine. We are all doubtless familiar
with certain stools of infants which present the fecal
mass divided into what I have elsewhere designated as
flakes about the size of a flattened oat. These, while
ordinarily termed curds, are often small masses of per-
fectly digested fecal matter. They are most typical in
the stools of very young infants, securing only small
amounts of milk from the breast, where a small fecal
residue is accompanied by considerable quantities of
mucoid secretion. For their formation I have hereto-
fore been unable to secure a satisfactory explanation. In
the light of Professor Cannon's work, it is readily ex-

plicable that these flakes are formed by segmentation in
the small intestine, but the fecal residue being small and
the intestinal secretion relatively large they are eventu-
ally surrounded by the latter so that subsequent fusion
into larger masses is prevented.
Again, no better explanation could be offered us of the

injurious influence on intestinal digestion of flatulent
distension of the bowel. It'is almost inconceivable that
a much distended small intestine should be capable of
producing a normal segmentation of the chyme or of
bringing the food masses into repeated contact with the
entire area of secreting surface. While improper diges-
tion of the food leads to the formation of the gas which
distends the bowel, this is but another instance of a
vicious circle which must be broken before proper intes-
tinal digestion can be resumed.

PERCENTAGE FEEDING.
Now that the furore which followed the introduction

of the American system of percentage feeding and milk
modification has subsided sufficiently to allow us to esti-
mate calmly its value, certain conclusions are forced on
us. The first of these is that in scope and elasticity it
far surpasses all previous efforts at artificial feeding
because it enables us, as never before, to control intelli-
gently and with approximate accuracy the constituent
elements of the food for each individual infant. On
the other hand, it is no detraction whatever from the
merited laurels of those who have devised, developed and
popularized this system, to say that we should now real-
ize that no method of artificial feeding can ever safely
or properly replace the physiologically adapted milk of
the human breast among the great mass of our popula-
tion. Artificial feeding is unquestionably attended with
more danger than breast feeding. The two alternatives
should not be offered lightly to the prospective mother
as though they were of equal value. While bad breast
milk, if it be really bad, is worse than good artificial
feeding, the nervously and socially overwrought mother
does not make up the vast bulk of the motherhood of our

country. Breast milk which is good and plentiful, orwhich can be made so with a little rational attention, far
surpasses as a food that which is furnished by the cowand is infinitely beyond the combinations of the manu-
facturing chemist.

INFANT FOODS.
Whether the harm done by infant foods which claim

to equal mothers' milk has been in any degree offset by
the wide dissemination of their often faulty directions
for infant feeding might perhaps be debatable. Parents
who employ these on their own responsibility and physi-
cians who recommend them should inform themselves,
however, concerning their composition and understand
that infant foods are but rarely safe or of value for any
considerable period by themselves; that they are subtleand prolific causes of rickets, scurvy and malnutrition,
and that many, nay most of them, are really successful
only when combined with fresh cow's milk and its in-
dispensable proteids, to which the child so fed owes its
proper development, although the food manufacturers
claim the credit.

CLEAN MILK.
The reason why cow's milk is the best commercial sub-

stitute when we are forced to resort to artificial feeding
has already been stated. To be suitable for this purpose
it must be fresh and pure. The movement for a clean
milk supply which had its origin with Dr. Coit, in New-
ark, N. J., is yearly gaining headway over the country
and must be accorded a place among the great life-saving
measures of recent years. We have not yet reached such
perfection that pasteurization or some modified form
of sterilization is not usually necessary during the warm
months of the year unless the circumstances be excep-
tional.
One of the objections most commonly raised to the in-

troduction of modified milk feeding among the poorer
classes has been that it would be impossible to teach the
mothers properly to prepare the food. My personal ex-
perience has amply disproved this. If the physician him-
self thoroughly understands the steps to be taken and is
willing to take the time not only to write out his direc-
tions, but to explain them fully, excellent results may be
obtained. But this is not enough; he must later make
the mother tell him in her own words what she is doing,
for by this method only are serious errors and omis-
sions corrected. With time and patience most mothers
may be taught to prepare food suitable for their in-
fants, using inexpensive instruments of precision. But
they must also learn that such feeding requires super-
vision and change with the growth or temporary indis-
position of the child. It is to ignorance of this fact, or
to the inability on the part of the physician to maintain
control, that artificial feeding owes its greatest dangers.
As a rational outgrowth of the movement to secure

clean milk has come the conviction that the less milk
and cream are manipulated the better they are digested
by infants and consequently that the use of top milks
of easily varied richness in fat is preferable to cream and
milk mixtures. The fat content of food prepared from
top milk can be more easily controlled. Possibly the
only exception to these statements is where both the
requisite purity and exactness of dispensing can be ob-
tained through milk laboratories.

THE AMOUNT OF FAT.

Evidences of proteid indigestion are more readily
comprehended than those of too high fat. For a not
uncommon type of such stools Dr. Holt's simile of
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scrambled egg is an excellent one which I have had fre-
quent occasion to verify. The recognition should be
more general of the fact that high fat is capable of caus-
ing constipation as well as a fat percentage which is too
low, and also of the futility and probable danger of
pushing the fat much beyond 4 per cent, for any child.
This, then, constitutes one of the risks in the use of
cream and milk mixtures, owing to the wide inaccuracies
which may result from the variableness of all centrifugal
creams, and the absolute impossibility of making any
close estimate of the fat content of such creams without
the use of the Babcoek machine. Even commercial
creams from the same source vary daily very consider-
ably. I have in mind a recent instance in which the
child's food had been made with cream and milk in the
country, but on return to the city a cream was secured
marked "special." This I found to contain 40 per cent,
of fat. The previous formula made up with this actually
contained 11 per cent, of fat, and only a fortunate habit
of inquiring into details prevented the serious disturb-
ance which inevitably would have followed. In other in-
stances the persistent refusal of the child to take a suit-
able quantity from its bottles, or the otherwise unex-
plained presence of mucus in the stools, has led to simi-
lar discoveries.

FEEDING FORMULAE.

Methods of obtaining milk formulas and rules for the
preparation of such food are now accessible in several
standard text-books. Those, however, who are satisfied
with securing a few stock formulae will seldom attain to
genuine success in infant feeding, for this includes the
reclaiming of the marasmic as well as the conduction of
the normal infant. Those who have no clear conception
of the purposes subserved by the various component
parts of the food nor of the indications for varying
these have no clue to the solution of difficulties as they
arise, and readily fall victims to the seductive claims of
the patented foods in the hope that in some mysterious
way they may be helped out of their troubles.

EXPLANATION OF DIFFICULTIES.

Many of the difficulties experienced arise, I believe,
from the non-comprehension and non-application of
certain broad principles. Surely, enough has been said
recently by many writers concerning the necessity of
feeding infants as individuals, but the distinction be-
tween the fairly normal infant and the srck child, which
includes the child hitherto fed on condensed milk or
various commercial foods, as well as the child with dis-
turbed digestion or nutrition from any cause, is not suf-
ficiently understood. The usual schedules for feeding
at different ages may apply to the fairly normal child
whose digestive powers have been developed, more espe-
cially when such feeding was begun at birth; but to en-
deavor to make an infant with disturbed or untrained
digestion take the amount of casein in the food usually
scheduled for its age is folly. Trial must first be made
with much lower formula?, and particular attention given
to determining whether the difficulty lies with the diges-
tion of the fats or of the proteids. The stools, the weight
chart, and the behavior of the infant are the triad with
which successful feeding must be conducted. In my
wards of the Nursery and Child's Hospital the stool of
each feeding case is brought to the cribside in a basin
to be studied in conjunction with the range of the weight
chart, inspection of the infant, and the nurse's report
before changes are made in the food. Such changes

must not be made too frequently and allowance should
be made for minor variations of both weight and stools.In the case of an infant with bad stools the restoration of
digestion as evidenced by better stools and greater com-fort is infinitely more important than an immediate gainin weight. It is, in fact, a prerequisite to such gain.It is now rather generally accepted that fairly normal
young infants whose artificial feeding is begun soon
after birth will, while they are being trained to digesttheir new form of casein, usually take a rather highproportion of fat to proteids (3 to 1), since the fat sup-plies an easily absorbed source of heat and energy. Not
all, however, will tolerate so high a proportion. When
proteid digestion has been established, the proteid per-
centage should be pushed up somewhat more rapidlythan was formerly deemed advisable, in order that
there may be furnished adequate proteid for propernutrition.
On the other hand, I think there is an increasing

tendency in the sick wards of infants' hospitals to em-
ploy level fat and proteids (i. c., formulas made from
plain milk). These are better borne by sick childrenwho have fever and are also better assimilated in mal-
nutrition cases in which the infants have suffered from
varied attempts at feeding. Fat starvation does not oc-
cur with these level mixtures as it does with almost fat-
free infant foods or condensed milk which is relatively
poorer in fat than good average fresh milk. There is a
considerable number of such infants who can not take
the high fat ratios of the common formulas, although
after good growth has been established on level formulae
cautious attempts may be made to raise the fat ratio a
little higher.
Somewhat more advanced infants with fairly good

digestions take the usual schedule proportions of fat and
proteids (2 to 1) well, but much of what might be called
subnutrition may be avoided after the sixth or seventh
month by pushing the proteids somewhat above 2 per
cent., a percentage which until recently has been con-
sidered a fair one at this period. The lack of formulae
between 4.7.2 and pure milk 4.4.4, except for such
as could be made by the partial dilution of the milk,
has been noticeable in some hospitals and milk dispen-saries.
Finally, too much emphasis can not be given to the

statement that the most carefully planned percentages
are often fruitless because of overfeeding or improper
intervals. Far less difficulty would be experienced in the
feeding of infants if closer attention were given to the
well-established rules governing the proper intervals
and the quantity. No rules are so frequently violated
even in hospital practice. It is especially noticeable in
the tendency to overfeed undersized infants. Many
poorly nourished infants are fed at intervals which
correspond to their weight or apparent age. At the
same time, despite or perhaps owing to their failure to
gain, the quantity is repeatedly increased to equal or
even to exceed that of a normal infant until the stomach
can neither contract properly on its contents nor secrete
sufficiently for their digestion. Energy and material
which should be used for growth are thus expended on
this undue labor of digestion, if indeed there can be any
proper absorption from the partially digested mass.
By giving at longer intervals and in smaller quantities
(which may be made more concentrated as the stomach
regains its tone) excellent results are produced in these
cases.
807 Madison Avenue.
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